Leukemia inhibitory factor as an anti-apoptotic mitogen for pluripotent mouse embryonic stem cells in a serum-free medium without feeder cells.
We have developed a serum-free medium, designated ESF7, in which leukemia inhibitory factor (LIF) clearly stimulated murine embryonic stem (ES) cell proliferation accompanied by increased expression of nanog and Rex-1 and decreased FGF-5 expression. These effects were dependent on the concentration of LIF. The ES cells maintained in ESF7 medium for more than 2 yr retained an undifferentiated phenotype, as manifested by the expression of the transcription factor Oct-3/4, the stem cell marker SSEA-1, and alkaline phosphatase. Withdrawal of LIF from ESF7 medium resulted in ES cell apoptosis. Addition of serum to ESF7 medium promoted ES cell differentiation. Addition of BMP4 promoted ES cell differentiation into simple epithelial-like cells. In contrast, FGF-2 promoted ES cell differentiation into neuronal and glial-like cells. Under serum-free culture conditions, LIF was sufficient to stimulate cell proliferation, it inhibited cell differentiation, and it maintained self-renewal of ES cells. Because this simple serum-free adherent monoculture system supports the long-term propagation of pluripotent ES cells in vitro, it will allow the elucidation of ES cell responses to growth factors under defined conditions.